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perfluorooxyalkylene orperfluoroalkylene radical and a 
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lent perfluorooxyalkyi or perfluoroaikyi, divalent per- 
fluorooxyalkylene or perfluoroalkyiene radical, and a hy- 
droxy and/or alkoxy radical cures into a fluorinated elas- 
tomer that has good solvent resistance, chemical resist- 
ance, heat resistance, low-temperature properties, 
mold release, water and oil repellency and weather re- 
sistance as well as significantly improved mechanical 
strength and compression set. 
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Description 

[0001] This invention relates to curable compositions, particularly to compositions curable to form fluorinated elas- 
tomers. Preferred properties in the cured compositions include good solvent resistance, chemical r sistance, heat 
resistance, low temperature properties, mold release, water and oil repeilency and weather resistance. In the context 
of fluorinated elastomers, preferred properties additionally include good mechanical strength and compression set. 

BACKGROUND 

[0002] Curable fluorinated elastomer compositions utilizing addition reaction between alkenyl and hydrosilyl radicals 
are weli known in the art. We previously proposed in Japanese Patent Application No. 11-53543 (USSN 09/517,056 
and EPA 00301722.5) to add microparticulate silica surface treated to be hydrophobic and having a specific surface 
area of at least 50 m^/g to such a composition whereby a cured product is improved in mechanical strength and com- 
pression set. The composition can be cured by brief heating. The cured product has good solvent resistance, chemical 
resistance, heat resistance, low-temperature properties, mold release, water and oil repeilency and weather resistance 
and is useful in sealing applications where such properties are required. 

[0003] However, the composition of the preceding application has the problem that mechanical strength sometimes 
declines as compression set lowers. With respect to the compression set itself, there is still left room for improvement, 
as compared with other fluoro-rubbers. Automotive parts such as O-rings and diaphragms and semiconductor parts 
are required to have long-temn reliability although the service conditions under which they are used become increasingly 
strict. It is thus strongly desired to Improve the compression set. 

[0004] The general aim herein is to provide new and useful compositions curable to forni fluorinated elastomers. 
Preferred aims include the achieving of any one, more than one or all of good solvent resistance, chemical resistance, 
heat rosistancG, low-temperature properties, mold release, water and oil repeilency and weather resistance as well as 
improved mechanical strength and compression set. 

[0005] The present invention is predicated on the following discovery. It is directed to an addition reaction type curable 
composition based on (A) a fluorinated amide compound having at least two alkenyl radicals in a molecule, to which 
(B) a fluorinated organohydrogensiloxane is compounded as a crosslinker and chain extender, and (C) a platinum 
group compound is added as a curing catalyst. To the composition are added (D).silica powder as a reinforcing filler, 
and (E) a fluorinated organosilane or organosiloxane and (F) an alkenyl-bearing fluorinated organosilane or organosi- 
loxane as a surface treating agent for the silica powder The curable composition thus fomriulated cures into a fluorinated 
elastomer having good solvent resistance, chemical resistance, heat resistance, low-temperature properties, mold 
release, water and oil repeilency and weather resistance as well as improved mechanical strength and compression set. 
[0006] Specifically, the invention provides a curable composition comprising as essential components, 

(A) a fluorinated amide compound having at least two alkenyl radicals in a molecule, 

(B) a fluorinated organohydrogensiloxane having at least two hydrogen atoms attached to silicon atoms in a mol- 
ecule, 

(C) a catalytic amount of a platinum group compound, 

(D) a silica powder having a BET specific surface area of at least 50 m^/g, 

(E) an organosilane or organosiloxane having in a molecule at least one monovalent pertluorooxyalkyi, monovalent 
perfluoroalkyi, divalent perfluorooxyalkylene or divalent perfluoroalkylene radical and at least one hydroxy and/or 
aikoxy radical directly attached to a silicon atom, and 

(F) an organosilane or organosiloxane having in a molecule at least one alkenyl radical, at least one monovalent 
pertluorooxyalkyi, monovalent perfluoroalkyi, divalent perfluorooxyalkylene or divalent perfluoroalkylene radical, 
and at least one hydroxy and/or aikoxy radical directly attached to a silicon atom. 

FURTHER EXPLANATIONS; OPTIONS AND PREFERENCES 

[0007] Briefly stated, the curable composition of the invention contains (A) a fluorinated amide compound having at 
least two alkenyl radicals in a molecule as a base polymer, (B) a fluorinated organohydrogensiloxane as a crosslinker 
and chain extender, (C) a platinum group compound as a curing catalyst, (D) silica powder as a reinforcing filler, (E) 
a fluorinated organosilane or organosiloxane as a surface treating agent for the silica powder, and (F) an alkenyl radical- 
bearing fluorinated organosilane or organosiloxane as a surface treating agent for the silica powder and compression 
set reducing agent. 

[0008] Component (A) is a fluorinated amide compound which should have at least two alkenyl radicals in a molecule, 
and preferably at least one alkenyl radical at each of opposite ends. In the compound, fluorine is preferably contained 
as a monovalent pertluorooxyalkyi , monovalent perfluoroalkyi. divalent perfluorooxyalkylene or divalent perfluoro- 
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alkylene radical. Preferably the compound has the following linkage. 



0 



II 

-N— C- 

Hereln R2 is hydrogen or a substituted or unsubstituted monovalent hydrocarbon radical having 1 to 10 carbon atoms, 
especially 1 to 8 carbon atoms, and preferably free of aliphatic unsaturation. 
10 [0009] Further, the compound may have the following linkage. 

R^ 



I 3 ' 

•N— R^— N— — 




Herein is as defined above; is a substituted or unsubstituted divalent hydrocarbon radical which may be separated 
20 by at least one atom of oxygen, nitrogen and silicon atoms; R^ and R^ each are a substituted or unsubstituted divalent 
hydrocarbon radical. 

[0010] The fluorinated amide compound (A) is preferably of the following general fomnula (1). 

I I 

CH2=CHSi>v R^O O Q O R^ ySiCH=CH2 

R' ^3-N-C-[Rf-C.Q-C]a-Rf-C-N-^J^ R (1) 



[001 1 ] Referring to formula (1 ). R^ stands for substituted or unsubstituted monovalent hydrocarbon radicals prefer- 
ably of 1 to 10 carbon atoms, more preferably 1 to 8 carbon atoms, and also preferably free of aliphatic unsaturation. 
Examples include alkyi radicals such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl. tert-butyl. pentyl. hexyl. octyl 

35 and decyl; cycloalkyi radicals such as cyclopentyl cyclohexyl and cycloheptyl; alkenyl radicals such as vmyl. allyl, 
propenyl, isopropenyl, butenyl, and hexenyl; aryl radicals such as phenyl, toiyl. xylyl and naphthyl; aralkyi radicals such 
as benzyl, phenylethyl and phenylpropyl; and substituted ones of these radicals in which some or all of the hydrogen 
atoms are replaced by halogen atoms or the like, typically fluorinated alkyI radicals such as chioromethyl, chloropropyi. 
bromoethyl, 3,3,3-trifluoropropyl, and 6.6.6.5.5,4.4,3,3-nonafluorohexyl. 

40 [0012] R2 stands for hydrogen or substituted or unsubstituted monovalent hydrocarbon radicals preferably of 1 to 
10 carbon atoms, more preferably 1 to 8 carbon atoms, and also preferably free of aliphatic unsaturation. as defined 
above for RV Examples of the monovalent hydrocarbon radicals are as exemplified above for R^ for example, alkyI 
radicals such as methyl, ethyl, propyl, and isopropyl; cycloalkyi radicals such as cyclohexyl; alkenyl radicals such as 
vinyl and allyl; aryl radicals such as phenyl and tolyl; and substituted ones of these radicals in which some hydrogen 

45 atoms are replaced by halogen atoms or the like, typically fluorinated alkyI radicals such as chioromethyl, chloropropyi. 
3,3,3-trifluoropropyl. and 6,6,6, 5,5,4.4,3,3-nonafluorohexyl. 
[0013] k:-.a radical c( the VoUowiny g^rneral formula (2) or (3). 



R^ R^ 
-N-R^-N- (2) 
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r 

— N N— (3) 

I r5. 



[0014] in foimula (2) is as defined above. may be selected from substituted or unsubstituted divalent hydro- 
carbon radicals, preferably from divalent hydrocarbon radical of 1 to 20 carbon atoms, especially 2 to 1 0 carbon atoms. 

10 Examples include alkylene radicals such as methylene, ethylene, propylene, methylethylene, butylene and hexame- 
thylene; cycloalkylene radicals such as cyclohexylene; arylene radicals such as phenylene, tolylene, xylylene, naph- 
thylene and biphenylene; substituted ones of these radicals in which some hydrogen atoms are replaced by halogen 
atoms or the like; and combinations of these substituted or unsubstituted alkylene and arylene radicals. 
[0015] R^ may contain one or more atoms of oxygen, nitrogen and silicon atoms at an Intermediate of its linkage. In 

15 this case, the oxygen atom intervenes in the linkage of R^ in the form of -0-. The nitrogen atom intervenes in the linl<age 
of R3 in the fomri of -NR'- wherein R' is hydrogen, alkyi of 1 to 8 carbon atoms, especially 1 to 6 carbon atoms or aryl. 
The silicon atom intervenes in the linkage of R^ in the fomr^ of a straight or cyclic organoslloxane-containing radical or 
organosilylene radical as shown below. 



20 



25 



si-Hosi)r- ? ? ? ? 



R'" — R"^S i— O— Si — R" 



30 



R" R" R"— ^i— O — ^i— R" R"— ^i— O— |i — R"* 

R" R" R" R" 



Herein, R" is an alkyI radical of 1 to 8 carbon atoms or aryl radical as exemplified for R"" and R^, R"' is an alkylene 
radical of 1 to 6 carbon atoms or arylene radical as exemplified for R^, and n is an integer of 0 to 1 0, especially 0 to 5. 
[0016] Examples of these radicals are given below. 

35 

Me Me 
I I 

— CH2CH2OCH2CH2 — — (CH2)3|iO|i(CH2)3— 

Me Me 



45 
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-CH2CH2-N-CH2CH2- 

" — (CH2)2|iO|i(CH2)2- 

Me Me 



55 
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Me 



Me 



(CH2)2Si — O Si — CH2CH2CH3 



O 



Me 



Me 



O 



CH3CH2CH2 Si O Si(CH2)2 



Me 



CH3CH2CH2' 



o 
I 

Si- 



Me 



Me 



(CH2)3Si O Si(CH2)3- 



O 

O — Si CH2CH2CH3 



Me 



Me Me 
(CH2)3Si — O S i Me 



O 



O 



Me Si — O Si(CH2)3- 

Me Me 



Me 



O 



1 

CH3CH2CH2 — Si — O 

Me 



Me 



(CH2)2Si — O — Si(CH2)2 



O 
I 

•Si- 
I 

Me 



CH2CH2CH3 



Me 



(CH: 



Me 



Me 



02§i— O— Si 
O 0 



i — Me 



Me — Si — O — Si(CH2)2 



Me 



■ CH2CH2CH2' 



Me 



•f 

O 



Me 



O — Si — CH2CH2CH3 



CH3CH2CH2 — Si — O —Si — CH2CH2CH2 



Me 



Me 



[0017J In the above formulae, Me Is methyl. 

[0018] In fomiula (3). R* and RS are substituted or unsubstituted divalent hydrocarbon radicals of 1 to 10 carbon 
atoms, especially 2 to 6 carbon atoms. Illustrative are alkylene radicals such as methylene, ethylene, propylene, meth- 
ylethylene, butylene, and hexamethylene, cycloalkylene radicals such as cyclohexylene, and substituted ones of these 
radicals in which some of the hydrogen atoms are replaced by halogen atoms. 

[001 91 The radicals Q in formula (1 ), represented by formula (2) or(3), are exemplified below. In the following chemical 
formulae. Me Is methyl. Ph Is phenyl, and X is hydrogen, methyl or phenyl. 



Me 

■N(CH2)2N- 



-N(CH2)6N- 



/CH2-CH2\ 
CH2"CH2 



/CH3 

/ CHj-CIK 

") CH-CH2 
CH3 



4 OOQ 1 0il & 1 I ^ 
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20 



Me 
I 



-NCH2-<Q>- 



Me 
CH2N- 



I^e Ijle l^Ie l^e 
-N(CH2)3-$i-0-Si-(CH2)3N- 
Me Me 



10 



1' 



ye IVIe Ph 

-NCH2CH2CH2^iCH2CH2-Rf-CH2CH2^iCH2CH2CH2N- 

Me Me (Rf is as defined above.) 



15 



H 




H 
I 



H H 

I I 
-N-CH2-Rf-CH2-N- 



(Rf is as defined above.) 



25 



H Me Me H 

II II 
'NCH2CH2CH2^iCH2CH2-Rf-CH2CH2SiCH2CH2CH2N- 

Me Me (^f defined above.) 



30 



35 



Ph Me Me 

\ I I 

-NCH2CH2CH2-Si-0-Si-CH2CH2CH3 

00 Ph 

1 I I 
CH3CH2CH2-Si-0-Si-CH2CH2CH2N- 

Me Me 



40 



45 



Ivie l|4e Ivie 

-NCH2CH2CH2-Si-0-Si-CH2CH2CH3 

00 Me 

1 I I 
CH3CH2CH2-Si-0-Si-CH2CH2CH2N- 

Me Me 



so 
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CH2CH2" 



i — O— ^r— CH2CH2- 
Me Me 



Me 

T 

Me 




N- 
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[0020] In formula (1), Rf Is a divalent perfluoroalkylene radical or divalent perfluoropolyether radical. The preferred 
divalent perfluoroalkylene radical is represented by -C^Fg^- wherein m is 1 to 10, preferably 2 to 6. The prefen-ed 
divalent perfluoropolyether radical is represented by the following formulae: 

-CF<OCF2CF)b-0-(CF2)d-0<CFCF20),-CF- 
Y Y Y Y 

wherein Y is F or CF3 radical, b, c and d are integers satisfying b > 1 , c > 1 . 2 < b+c < 200, especially 2 < b+c < 110. 
and 1 < d < 6; 

-CF2CF2-(OCF2CF),^0-(CF2)d-0<CFCF20)f-CF2CF2- 

CF3 CF3 

wherein d, e and f are Integers satisfying 1 < d < 6, e > 0, f s 0, and 0 < e+f < 200, especially 2 < e+f < 1 1 0; 

-(j:F<OCFCF2)g-(OCF2)h-OCF- 
Y Y Y 

wherein Y is F or CF3 radical, g and h are integers satisfying 1 < g < 20 and 1 < h ^ 20; 

-CF2CF2-(OCF2CF2CF2)j-OCF2CF2- 

wherein i is an integer of 1 to 100. 

7 



CO 100^104A1 I % 
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[0021] illustrative examples of Rf are given below. 



"^4^8" "^6^12' 



.CF<OCF2CF),.O.QF4-0<CFCF20)n,-CF- 
CF3 CF3 CF3 CF3 



.CF2CF20CF2(CF2)2CF20CF2CF2- 



n + m = 2 to 200 



15 



■CF2CF20CF2CFOCF2(CF2)2CF20CFCF20CF2CF2- 

CF3 CF3 



20 



-CF2(OCF2CF2)n(OCF2)„,OCF2- n = 5 to 50. m = 1 to 1 0 



25 



.CF(0(pFCF2)n(OCF2)n,OCF- 
CF3 CF3 CF3 



n = 5 to 50, m = 1 to 10 



-CF2CF2(OCF2CF2CF2)nOCF2CF2- R = 5 to 100 

30 [0022] In formula (1 ), letter "a" is an integer inclusive of 0. which Indicates that the fluorinated amide compound of 
formula (1 ) contains at least one divalent perfluoroalkylene radical or divalent perf luoropolyether radical in a molecule. 
Preferably, "a" is an integer of 0 to 10, and more preferably 1 to 6. 

[0023] The fluorinated amide compound (A) used herein may range from a low viscosity polymer e.g. of a viscosity 
of about several tens of centistokes at 25**C to a solid gum-like polymer. From the standpoint of ease of handling, a 
35 gum-like polymer is suited for use as heat vulcanizable rubber, and a polymer having a viscosity of about 1 00 to 1 00,000 
centistokes at 25*C Is suited for use as liquid rubber. With too low a viscosity, the resulting cured elastomer may be 
short in elongation and fail to provide a good profile of physical properties. 

[0024] A fluorinated amide compound of formula (1 ) can be prepared by the following method. For example, a fluor- 
inated amide compound of formula (1 ) wherein "a" = 0 can be synthesized, for example, by reacting a compound having 
40 acid fluoride radicals at both ends represented by the general fomiula (4) with a primary or secondary amine compound 
represented by the general formula (5) in the presence of an acid acceptor such as trimethylamine. 



45 



so 



55 



FCO-Rf-COF + 



(4) 




(5) 



I 

CH2=CHSi 




R^O O R 

I II 11 I 
N-C-Rf-C-N 




I 

SiCH=CH2 
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Herein, R\ and Rf are as defined above. 

[0025] Further, a fluorinated amide compound of formula (1 ) wherein "a" is an integer of at least 1 can be synthesized, 
for example, by reacting a compound having acid fluoride radicals at both ends represented by formula (4) with a 
diamine compound represented by the general fonnula (6): 

5 

H-Q-H (6) 

wherein Q is as defined above, In the presence of an acid acceptor, followed by reaction with a primary or secondary 

10 amine compound of formula (5). 

[0026] In the former procedure, the relative amounts of the compound having acid fluoride radicals at both ends of 
formula (4) and the primary orsecondary amine compound of formula (5) charged are not critical. Preferably the amount 
(a) of the compound of formula (4) and the amount (b) of the compound of formula (5) charged are adjusted such that 
the molar ratio of (a)/(b) may range from 0.1/1 to 1 ,2/1 mol/mol, and especially from 0.2/1 to 0.5/1 moi/mol. 

15 [0027] In the latter procedure, the amount (a) of the compound of fomiula (4) and the amount (c) of the compound 
of formula (6) charged are not critical as long as the molar amount (a) is not smaller than the molar amount (c). The 
recurring units (a) In formula (1) may be set to an appropriate value for a particular purpose by adjusting the molar 
ratio of (a)/(c). With greater settings of (a)/(c), polymers having a relatively low molecular weight can be synthesized. 
With setting of (a)/(c) approximate to unity (1 ), polymers having a relatively high molecular weight can be synthesized. 

20 [0028] Reaction conditions are not critical although the prefen-ed conditions include 20 to lOO'^C and 1 to 8 hours, 
and more preferably 20 to 50*C and 2 to 4 hours. 

[0029] It is noted that the fluorinated amide compound of formula (1) wherein Q is a linkage having an intervening 
silicon atom can be synthesized, for example, by first effecting reaction as mentioned above using an amine compound 
of formula (5) as the primary or secondary amine compound having an aliphatic unsaturated radical such as vinyl or 
25 allyl. thereby forming a both end vinyl-terminated compound of the following general fomiula (7), then reacting the 
compound of fomiula (7) with an organosiloxane compound having two hydrosilyl radicals in a molecule, as represented 
by the following general fonmula (8). in the presence of an addition reaction catalyst, 

30 ^ b} 



35 



40 



50 



CH2=CHSix r2q /SiCH=CH2 (7) 

" <rj^N-c-Rf-c-N--(rj) R 



R 



[0030] Herein R'*, and Rf are as defined above. 

H-P-H (8) 
[0031] Herein P is a divalent organic radical having a slloxane linl<age, illustrative examples of wtiicti are given below. 

Me Me Me Me 

II I I ^„ 

Me Me — Si— O — Si— Me — Si— O— Si— CH2CH2CH3 

Me Me Me— Si— O— Si— CH3CH0CH2— Si— O— Si— 

II ^11 
Me Me Me Me 

55 [0032] In this reaction, the relative amounts of the both end vinyl-terminated compound of fonmula (7) and the com- 
pound of formula (8) charged should be such that the molar amount (d) of the compound (7) charged be greater than 
the molar amount (e) of the compound (8) charged. The ratio of (d)/(e) is at most 2. That is, 1 < (d)/{e) <. 2. With greater 
settings of (d)/(e), polymers having a relatively low molecular weight can be synthesized. With setting of (d)/(e) ap- 



EP 1223 194 A1 

proximate to unity (1), polymers having a relatively high molecular weight can be synthesized. 
[0033] The catalyst used herein may be selected from elements of Group VIII In the Periodic Table and compounds 
thereof, for example, chloroplatlnic acid, alcohol-modified chloroplatinic acid (see USP 3.220,972), complexes of chlo- 
roplatlnlc acid with olefins (see USP 3.159,601. 3.159.662 and 3.775.452). platinum black and palladium on such 
5 carriers as alumina, silica and carbon, rhodium-olefin complex s. and chlorotris(triphenylphosphin )rhodium (known 
as Wilkinson catalyst). Such a catalyst may be used in a catalytic amount. The above-described complexes are pref- 
erably used as solutions in alcohol, ketone, ether and hydrocarbon solvents. 

[0034] The prefen-ed reaction conditions include 50 to 150°C. more preferably 80 to 120**C and 2 to 4 hours. 
[0035] Component (B) is a fluorinated organohydrogensiloxane having at least two hydrogen atoms attached to 
w silicon atoms in a molecule. It serves as a crosslinker and chain extender for the fluorinated annide compound (A). The 
fluorinated organohydrogensiloxane should preferably have at least one monovalent perfluorooxyalkyi, monovalent 
perfluoroalkyl. divalent perfluorooxyalkyi en e or divalent perfluoroalkylene radical, and at least two, more preferably at 
least three hydrosilyl radicals (i.e., SiH radicals) in a molecule. 

[0036] The perfluorooxyalkyi, perfluoroalkyl, perfluorooxyalkylene and perfluoroalkylene radicals are typically repre- 
15 sented by the following general formulae. 
Monovalent perfluoroalkyl radical: 

C^Fgm+i - wherein m is an integer of 1 to 20, and preferably 2 to 10. 
Divalent perfluoroalkylene radical: 

-Cn,F2m- wherein m is an integer of 1 to 20, and preferably 2 to 10. 
20 Monovalent perfluorooxyalkyi radical: 

F-(CFCF20)„-<j:F- 
CF, CF, 



25 



30 



40 



45 



50 



wherein n is an integer of 1 to 5. 
Divalent perfluorooxyalkylene radical: 



-(pF<0CF2CF)„-0-C2F4-O.(CFCF20),,-CF. 
CF3 CF3 CF3 CF3 

35 wherein an average of m+n is an integer of 2 to 1 00. 

[0037] The fluorinated organohydrogensiloxane may be cyclic or chain-like or even three-dimensional, network. Es- 
pecially prefen'ed are fluorinated organohydrogensiloxanes having in the molecule at least one monovalent organic 
radical containing a perfluoroalkyl, perfluoroalkyl ether or perfluoroalkylene, as shown below, as a monovalent substit- 
uent attached to a silicon atom. 



-R^-N-C-Rf^ -CH2CH2Rf^ -CH2CH2CH2Rf^ 



R^O O r'' 

■R^N-C-Rf'-C-N-R^~ -CS3^:K2 -P .--CH2CH2- 



[0038] In the above formulae, stands for divalent hydrocarbon radicals of 1 to 10 carbon atoms, and especially 
2 to 6 carbon atoms, for example, alkylene radicals such as methylene, ethylene, propylene, methylethylene, tetram- 
ethylene and hexamethylene, and arylene radicals such as phenylene. stands for hydrogen or monovalent hydro- 
carbon radicals of 1 to 8 carbon atoms, and especially 1 to 6 carbon atoms as described for R2. Rfi stands for mono- 
55 valentperfluoroalkyl,monovalentperfluorooxyalkyl,divalentperfluorooxyalkylene or divalent perfluoroalkylene radicate 

as described above. 

[0039] In addition to the monovalent organic radical containing a mono or di-valent fluorinated substituent, i.e., a 
perfluoroalkyl, perfluorooxyalkyi, perfluorooxyalkylene or perfluoroalkylene radical, the fluorinated organohydrogensi- 
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loxane (B) has a monovalent substituent attached to a silicon atonn, which is typically selected from aliphatic unsatu- 
ratlon-free monovalent hydrocarbon radicals of 1 to 1 0 carbon atoms, and especially 1 to 8 carbon atoms, as described 
for R2. 

[0040] In the fluorinated organohydrogensiloxane. the number of silicon atoms in a molecule is usually about 2 to 
60, preferably about 4 to 30 though not limited thereto. 

[0041] Examples of the fluorinated organohydrogensiloxane are given below. They maybe used alone or in admixture 
of two or more. Note that Me is methyl and Ph is phenyl. 



H 



? 

N — C- 



y (<j^H2)3 

Hsio)3-$iOn 



Me Me 



CFOCFjCpFOCaF, 



CF. 



CF 



f ? 



n (^H2)3 

|-fSiO)3-^iO-| 
Me Me 



CFOC3F7 
CF3 



20 



25 



30 



N— C 



:— CF 



7^15 



[-tSiO)5-(|iO)^ 
Mc Mc 



r f 

N— 0 



H (j<,H7 (<j:H2)3 

■iSiOjj-^iO — ^iO—[ 
Me Me Me . 



CFOCFjCpFOCaF, 
CF3 CF3 
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40 



sio)3-^jOn 
CH3 CH3 



CH— CFOCF2(j:FOC3F7 
H2 CF3 CF3 



<pH2 
CH 



,— G,F 



8^17 



-t|iO)3-^iO-i 

CH3 CH3 



CHf 
I 

CH2 
CH2 



CfiF 



8^17 



[-fSiO)3-|iO- 
CH3 CH3 



45 



SO 



Me 

CgFi 7CH2CI I2-S i -|- OS i- 1 1 

Me /3 
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t I lyie 
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T 

^ (^H2)3 
(-tSiO)3-$iOn 



I 

Me Me 



■CFOCF2(j:FOCF2(j:FOC3F7 
CFj CF3 CF3 



C— CFOC3F7 



r 

H (CH2)3 CF3 

|-tSiO)3-(|iO)2l 

Me Me 
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r-(sio)3-sio-i 
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S-(CH,)vNicF-(OCFXF)„-0-C,F,-0<(pFCF,0)„-(j:F-C-N-^^^ 



CF3 CF3 



CF. CP. 



S : 



V 1 
Me Me 



n + m = 2 to 50 




CH2 
I 

H CH2 
Me3SiO(SiO)„|iOSiM63 

Me Me 



PhO 

ll^-C-CFOCFzCFOCaF, 

CH2 CF3 CF3 
I 



n = 3 to 50 



CH2-CFOCF2CFOC3F7 
H CH2 CF3 CF3 



Me3SiO(SiO)„SiOSiMe3 



Me Me 



n = 3to50 



Me H Me 



C8F„-(CH2)24iO<f iO)„-|i-(CH2)2-C8F,, n = 3 to 50 



Me Me Me 



im ii«ed is comoatible with the fluorinated amide compound (A), 
[0042] If &e f'.'j0f .naiad cajanohya .densiloxane (B) used is compaiioie 

then the cur^tole composition will cure Into a """^^"^ P^f "J^ 5 ^^re preferably 1 to 2 mol of hydrosilyl 

[0043] component (B) is preferably used m ^"^^^ ^^J^^'^^'^^^^^^^^^ such as alkenyl (e.g., vinyl and allyl) 

radicals (i.e.. SiH radicals) are available per mol of ^'^^^^^ ""^^^D^ent giving less than 0.5 mol of SiH radicals 
and cycloalkeny. radicals in the entire compos.t.on. J^-^^^^^^^J^^^^^^^^^^^ ?,^p^onent (B) e.g. gK.ing more than 5 
may achieve an insufficient degree of ^^^^^^^^^/^'^/^^f^f ^^^^ in undercure. foaming, heat resistance decline 
T™rrrd=:°l-^^^ - ?a.s by we., o, exponent <B) Is preferably 

blended with 100 parts by weight of component (A)^ ^..^-.^^^ nroup compound for promoting addition reaction 
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is, a curing promoter. These compounds are generally noble metal compounds which are expensive, and therefore, 
platinum compounds which are relatively easily available are often employed. 

[0045] The platinum compounds include, for example, chloroplatinic acid, complexes of chloroplatinic acid with ole- 
fins such as ethylene, complexes of chloroplatinic acid with alcohols and vinylsiloxanes, and platinum on silica, alumina 
5 or carbon, though are not limited thereto. Known examples of the platinum group compounds other than the platinum 
compound are rhodium, ruthenium, iridium and palladium compounds, for example, RhCI(PPh3)3, RhCI(CO)(PPh3)2, 
RhCI{C2H4)2, Ru3(CO)i2» lrCI(CO){PPh3)2. and Pd(PPh3)4. 

[0046] The catalyst may be used as such if it is a solid catalyst. However, to obtain a more uniform cured product, 
it is recommended that a solution of chloroplatinic acid or a complex thereof in a suitable solvent be admixed with the 

10 fluorinated amide compound (A) in a miscible manner. 

[0047] The amount of the catalyst used is not critical and a catalytic amount may provide a desired cure rate. From 
the economical standpoint and to obtain a satisfactory cured product, the preferred annount of the catalyst is about 1 
to 1 ,000 parts by weight, more preferably about 1 0 to 500 parts by weight of platinum group metal per million parts by 
weight of the entire composition. 

15 [0048] Component (D) is a silica powder having a BET specific surface area of at least 50 m^/g, which serves to 
impart adequate physical strength to the cured composition. The silica powder (D) is available in the form of silica 
microparticuiates well known as the silicone mbber filler. Exemplary species include fumed silica, precipitated silica 
and colloidal silica, with the fumed silica being most preferred. 

[0049] The silica powder should have a BET specific surface area of at least 50 m^/g, and especially 100 to 400 m^/ 
20 Q. A surface area of less than 50 m^/g fails to attain the objects of the invention. 

[0050] Preferably the silica powder has been surface treated with various organochlorosilanes, organodisilazanes, 
cyclic organopolysilazanes, etc. 

[0051] An appropriate amount of component (D) added is e.g. 5 to 60 parts, and preferably 10 to 40 parts by weight 
per 1 00 parts by weight of component (A). Less amounts of component (D) may fail to achieve sufficient reinforcement. 
25 More than 60 parts of component (D) may obstruct the flow of the composition and adversely affect the physical strength 
of cured products. 

[0052] Component (E) is a fluorinated organosilane or fluorinated organosiloxane which serves as a surface treating 
agent for the silica powder (D). The fluorinated organosilane or fluorinated organosiloxane (E) is added when a mixture 
of the fluorinated amide compound (A) and the silica powder (D) is heated and kneaded in a mixer such as a kneader. 
30 If desired, at this point, the silica powder is heat treated, with a small amount of water being added, whereby surface 
silanol on the silica powder is treated. The heat treatment is effected at a temperature in the range of 100 to 200**C. 
This treatment renders the silica powder more miscible with the other components so that the composition is restrained 
from a "crepe hardening" phenomenon during storage and improved in flow. 

[0053] The fluorinated organosilane or fluorinated organosiloxane (E) is an organosilane or organosiloxane having 
35 in a molecule at least one monovalent perfluorooxyalkyl, monovalent perfluoroalkyi, divalent perfluorooxyalkylene or 

divalent perfluoroalkylene radical and at least one hydroxy and/or alkoxy radical directly attached to a silicon atom (the 

alkoxy radical being preferably alkoxy of 1 to 6 cartson atoms, especially 1 to 4 carbon atoms). The molecular structure 

is not critical. The perfluorooxyalkyl, perfluoroalkyi, perfluorooxyalkylene and perfluoroalkylene radicals are typically 

represented by the following general formulae. 
40 Monovalent perfluoroalkyi radical: 

Cm^2m+i" wherein m is an integer of 1 to 20, and preferably 2 to 10. 

Divalent perfluoroalkylene radical: 

-C^Fgm- wherein m is an integer of 1 to 20, and preferably 2 to 10. 

Monovalent perfluorooxyalkyl radical: 



45 



so 



F-(CFCF20)„-(pF- 
CF3 CF3 



wherein n is an integer of 1 to 50. 
Divalent perfluorooxyalkylene radical: 
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-CF-(0CF2CF)„-O-C2F4-O-(CFCF20)„-<pF- 
CF3 CF3 CF3 CF: 



roOSrC": T::lT::^ZtV:^^-^nac.e. to a sIHcon atom is a .adU:a. having at .east one 
Salint'orS-adical containing a perfluoroalkyi, pertluoroallcyl ether or perfluoroallcylene. as shown be.ow. 

r''o 

-R^N-C-Rf' -CH^CH^Rf' -CH,CH2CH2Rf' 

r'o o 

-R*-N-C-Rf ' -C-N-R^- -CH2CH2-Rf '-CH2CH2- 

1 tn a carbon atoms and free of aliphatic unsaturation as enunnerated above for H . 

SoneTin admixture of two or more. In the following chemical fomiulae. Me .s methyl. 

C8F„CH2CH2Si{OMe)3 CaFi7CH2CH2CH2Si{OMe)3 

{MeO)3SiCH2CH2C6F,2CH2CH2Si(OMe)3 



9¥ 

C3F70CFCF20(pF-C-N-CH2CH2CH2Si(OMe)3 
CFa CF, 



C3F70CFCF20(pF-C-N-CH2CH2CH2Si(OMe)3 
CF, CF3 
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(jj)Me Me 

F-((pFCF20)„-CF-C-N-^-^i-CH2CH2Si(OMe)3 n = 2 to 50 
CF-x CF-x Me 



Me Me 
MeO^N-C-CF-(OCF2CF)„-0-C2F4-OKpCF20)„-CT-C-N-OMe 



CF3 CF3 CF3 CF3 



Y : CH2CH2Si(OMe)3 n + in = 2to50 



Me Ivle 



CgFi vCHjCHi-Si-OH CgFiyCHjCHjCHa-^i-OH 

Me Me 



Me Ijle 
CgFi yCHjCHj-^i-OMe CgFiyCHzCHjCHa-^i-OMe 

OMe OMe 



(pH OH 

Me-^i-Me Me-^i-Me 

? ? 

C8Fi7CH2CH2-Si-Me C8Fi7CH2CH2CH2-:pi-Me 

? ? 

Me-p-Me Me-^i-Me 

OH OH 




[0059] An appropriate amount of component (E) used is e.g. from 1 to 40 parts, more preferably about 1 to 30 parts 
by weight per 100 parts by weight of the silica powder (D). Less than 1 part of component (E) may be Insufficient to 
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make the treatment effective. More than 30 or 40 parts of component (E) may sometimes inhibit cure and adversely 
affect the physical properties of the cured product. 

TvDically(E) does not satisfy the alicenyl requirement for (F), below. •■ „„„^ whirh 

mSol component (F) is an alkenyl radical-bearing fluorinated organosilane or fluonnated 
servel not only as a surface treating agent for the silica powder (D). but also as an .mprover for ^t^^J^'ngJ^^^^^^ 
sion set of the cured product of the composition and enhancing the physical strength thereof. The f'"°""f f ^-^f ^ 
nos"lanl or fluorinated organosiloxane (F) is added when a mixture of the fluorinated amide compound (A) and the 
rca powder (D) is heateS and kneaded In a mixer such as a kneader and at the same t.me as .s component (EV 
rO06lf The fluorinated oiganosllane or fluorinated organosiloxane (F) is an organosilane or 
n a molecule 1 ) at least one alkenyl radical. (2) at least one monovalent perfluorooxyalkyi monovalent ^^^^^^^^^^ 
laZnX perfluorooxyalkylene or divalent perfluoroalkylene radical, and (3) at least one *^y^'°^J"^°'^^°^.^^^^ 
directly attached to a silicon atom (the alkoxy radical being preferably aikoxy o 1 to 6 f^^l'J^^^''^^''^^^^^ 
rarbon atoms) The molecular structure is not critical. Examples of the alkenyl radical include those of 2 to 6 carbon 
aSi aTespecSly vinyl and ally,. Vinyl is most preferred. The perfluorooxyalkyi. pert luoroalkyi, perfluorooxyalkylene 
and perfluoroalkylene radicals are typically represented by the following general formulae. 
Monovalent pertluoroalkyi radical. 

Cn,F2m+i- Wherein m is an integer of 1 to 20. and 
preferably 2 to 10. 
Divalent perfluoroalkylene radical: 

-CmFam- wherein m is an integer of 1 to 20, and preferably 2 to 10. 
Monovalent perfluorooxyalkyi radical: 

F-(CFCF20)„-(pF- 
CF, CF3 



wherein n Is an integer of 1 to 50. 
Divalent perfluorooxyalkyiene radical: 

-CF-(OCF2CF)n-O-C2F4-O-(CFCF20);„-CF- 
CF3 CFa CF3 CF3 

wherein an average of m+n is an integer of 2 to 100. _.. , u . i ^r>^ 

[00627 in particular. L monovalent substituent radical attached to a silicon atom is a radical having at least one 
monoJalem organic r^dipal containing a pertluoroalkyi. pertluoroalkyi ether or perfluoroalkylene. as shown below. 



-CHgCHaRf^ -CHgCHaCHjRf^ 

r'^o o r'' 

.R**-N-C-Rf'-C-N-R^- -CH2CH2-Rf'- 



H«>rein r6 R7 and Rf are as defined above (general and specific) . ^ „ , 

WoS in addition to the mono- or divalent fluorinated substituent radicals (i.e., perfluorooxyalkyi. pe-fluoroalkyl per- 
SxyalMenJor perfluoroalkylene radicals) and the hydroxy and/or alkoxy radical directly attached to a silK^on 
aZ the Lnated organosilane or fluorinated organosiloxane (F) usually has monovalent ^/'^J^ 
tSd to Silicon atoms, examples of which are alkenyl radicals and monovalent hydrocarbon radicals of 1 to 1 0 carbon 
atoms especially 1 to 8 cartjon atoms and free of aliphatic unsaturatfon as enumerated above for R . 

S ml fluorinated organosilane orfluorinated organosiloxane (F). the number of silicon ato-s included n the 
rnoLule thereof, though not limited thereto, is typically 1 or 2 in the case of fluorinated organos.lanes and 2 to 20, 

nrpf erahlv 3 to 1 0 in the case of fluorinated organosiloxanes. . . • 

SsT such compounds are preparable by effecting hydrosilylation reaction on an organic fluorine compound having 
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10 



an alkenyl radical (e.g., allyl and vinyl) and a monovalent perfluorooxyalkyl. monovalent perfluoroalkyl. divalent per- 
fluorooxyalkylene or divalent perfluoroalkylene radical in a well-known manner, optionally followed by Grignard reaction, 
hydrolytic or appropriate reaction. 

[0066] Examples of the fluorinated organosilane or fluorinated organosiloxane (F) are given below. They may be 
used alone or in admixture of two or more. In the following chemical fomriulae, Me is methyl. 

CH2=CH(CF2)6CH2CH2Si(OMe)3 



Me 
I 

CH2=CH(CF2)6CH2CH2-Si-OMe 

OMe 



CH2-CH(CF2)6CH2CH2~p-OH 

Me 



15 



20 



25 



OH 
I 

Me-^i-Me 

9 

CH2=CH(CF2)6CH2CH2-Si-Me 

? 

Me-Si-Me 
OH 
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35 



Me 
I 

CH2=CH-Si 
Me 



^^>-N-C-CF-(OCF2CF)„-0-C2F4-0-(<pFCF20)„-(pF-C-N-OMe 
CF, CF, CF, CF3 



9 



Me 
Si-Y 



Y: CH2CH2Si(OMe)3 



n + m = 2 to 50 



40 



CH=CH2 
I 

C8Fi7CH2CH2-Si-OMe 

OMe 



CH=CH2 
CgFivCHzCHz-^i-OH 

Me 
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so 



CH=CH2 

CsFi 7CH2CH2CH2-Si-OMe 

OMe 



9H=CH2 

CgF 5 ;.Cii3,CHiCI- VS-OH 



Mfc 



i 
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CH=CH2 

C3F70CFCF20CFCH2CH2-Si-OMe 



CF- 



CF 



OMe 



(pH=CH2 
CaFvOCFCFiO^FCHjCHa-S i-OH 
CF3 CF3 Me 



18 



3NSOOCID: <EP 1223ie4A1J_> 



EP 1 223 194 A1 



[0067] An appropriate amount of component (F) used is usually 0.1 to 10 parts, more preferably about 0.1 to 6 parte 
by weight per 1 00 parts by weight of the silica powder (D) and up to 20% by weight of components (E) and (F) combined^ 
Less than 0.1 part of component (F) may fail to provide satisfactory compression set property. More than 10 parts of 
component (F) may inhibit cure and adversely affect the physical properties of the cured product. 
5 [0068] It is noted that the amount of component (B) blended is determined in conjunction with the amounts of the 
f luorinated amide compound (A) and the f luorinated organosilane or f luorinated organosiloxane (F) and preferably such 
that 0.5 to 5 mol of SIH radteals may be present per mol of aliphatic unsaturated radicals (e.g. , vinyl, allyl, cycloalkenyl) 

in the composition. ^ » tu^ 

r00691 In addition to the above-mentioned essential components, various additives may be optionally added to tne 

»o inventive curable composition for enhancing the practical utility thereof. Typical additives include reaction controlling 
agents for example, acetylene compounds (e.g., acetylenic alcohols and silylated acetylenic alcohols), olefinic sh 
loxanes and ethylenically unsaturated isocyan urates, and preferably acetylene compounds having the aforementioned 
monovalent fluorinated substituent radicals in a molecule, olefinic slloxanes and ethylenically unsaturated isocyanu- 
rates semi-reinforcing fillers such as quartz flour, fused quartz powder, diatomaceous earth and calcium carbonate; 

»5 inorganic pigments such as titanium oxide, iron oxide, carbon black, and cobalt aluminate; heat resistance modifiefs 
such as titanium oxide, iron oxide, carbon black, cerium oxide, cerium hydroxide, zinc carbonate, magnesium carbon- 
ate and manganese carbonate; heat conductive agents such as alumina, boron nitride, silicon carbide and powdered 
metals- and electroconductive agents such as carbon black, powdered silver and conductive zinc white. In addition 
non-functional perfluoropolyethers and/or fluorinated amide compounds e.g. of general formula (9) below may be added 

20 as plasticizers, viscosity modifiers and flexibility-imparting agents. 

CH2=CH-|i-qQ-N-C-Rf^ (9) 
R^ 

In formula (9), Ri. R2 and Rfi are as defined above. 
30 [0070] The above additives may be added In any suitable amount, insofar as the objects of the invention are attain- 

r0071l The curable composition of the invention may be prepared by intimately mixing components (A) to (F) and 
optional components in a suitable mixer such as a kneader, three-roll mill or planetary mixer. In order that the silica 
powder (D) be surface treated with a mixture of the fluorinated organosilane or organosiloxane (E) and the alkeny^ 
35 radical-bearingfluorinatedorganosilaneororganosiloxane(F),itisrecommendedtosimultaneouslyaddthefluorinated 

organosilane or organosiloxane (E) and the alkenyl radical-bearing fluorinated organosilane or organosiloxane (F) to 
a mixture of the fluorinated amide compound (A) and the silica powder (D), heat treat the resulting mixture in a mixer 
such as a kneader, then add the remaining components to the mixture and intimately mix them in a suitable mixer such 
as a three-roll mill or planetary mixer. The composition thus obtained is curable at room temperature. However, it is 
40 recommended to heat the composition in order to promote cure. In order to acquire satisfactory compression set prop- 
erty, the composition Is preferably cured by heating at a temperature of 60°C or higher, especially 1 00 to 200°C for 1 0 

minutes to 24 hours. , , . 

[0072] On use of the curable composition of the invention, it may be dissolved in a suitable fluorochemical solvent 
such as m-xylene hexafluoride or fluorinate to an appropriate concentration depending on a particular application and 

45 purpose. , J ^ < 

[0073] The method of preparation of the composition, a method in which the composition is cured to fomi an article 
or part of an article, and an article, part or product which is or comprises the cured composition are further aspects of 
the invention. Typical articles are sealing elements. 

50 EXAMPLE 

[0074] Examples of the invention are given below by way of illustration and not by way of limitation. All parts are by 
weight, viscosity is a measurement at 25''C, and IVIe is methyl. 

55 Example 1 

[0075] A kneader was charged with 1 00 parts of a polymer of fomnula (1 0) below (viscosity 1 0,000 mPa s, number 
average molecular weight 17.000, vinyl content 0.012 mol/100 g). to which 5 parts of a fluorinated organosilane of 
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formula (1 1 ) below and 0.4 part of a fluorinated organosilane of formula (12) below were added, followed by 1 0 minutes 
of mixing. Then 40 parts of fumed silica (BET specific surface area 245 m^/g) surface treated with dimethyldichlorosilane 
was added in four equally divided portions. After the entire amount of silica was added, the mixture was kneaded for 
1 hour without heating. With kneading continued, the unit was heated until an internal temperature of 150°C was 
5 reached. The contents were heat treated for 2 hours while maintaining at 1 50 to 1 70»C. Then 1 00 parts of the polymer 
of formula (1 0) wad added to the contents, which were mixed until uniform. The contents were cooled below 40*'C and 
passed two times through a three-roll milL obtaining a base compound. 

[0076] A planetary mixer was charged with 1 20 parts of the base compound, to which were successively added 0.20 
part of a toluene solution of platinum-divinyltetramethyldislloxane complex (platinum concentration 0,5 wt%). 0.30 part 
10 of a 50% toluene solution of ethynylcyclohexanol, and 2.72 parts of fluorinated organohydrogensiloxane of formula 
(13) below. The Ingredients were mixed until uniform and thereafter, degassed in a vacuum of 60 mmHg, yielding the 
final composition. 
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Me 

CH2=CHSi\^ MeO O Me ,^iCH=CH2 



(10) 



Rf ^ : .(pF-(OCF2CF)„-0-C2F4-0.((j:FCF20)„,.(pF- ^ 97 

CF3 CF3 CF3 CF3 

Me 

C8Fi7CH2CH2-^i-OH (1 1) 

Me 

CH2=CH(CF2)6CH2CH2Si(OMe)3 (12) 



Me \ Me Me / Me 

H'SiO-j- Si-CH2CH2(CF2)6CH2CH2-Si4- O^i-H ) (13) 
Me A \ Me 



[0077] The composition was then press-cured at 1 50°C for 1 0 minutes and oven-cured at 200°C for 4 hours, thereby 
giving a cured sheet of 2 mm thick and a set ball for compression set measurement as prescribed by JIS K-6249. The 
^5 physical properties and compression set of these test pieces were measured according to JIS K-6249. The results are 
shown in Table 1 . 

Example 2 

50 [0078] A curable composition and cured produc:.t3 were prepared by tha scjoe formulation and procedure as in Ex- 
ample 1 except that 0.5 part of a fluorinated organosilane of formula (14) below was used instead of 0.4 part of the 
fluorinated organosllaneof formula (12). Thephysical properties and compression set of the test pieces were measured, 

with the results shown in Table 1. 

55 
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CH=CH2 
CgFnCHzCHz-Si-OMe 

OMe 



(14) 



10 



IS 



20 



Example 3 

r00791 A curable composition and cured products were prepared by the same formulation and procedure as In Ex- 
ample 1 except that fumed silica (BET specific surface area 1 90 m^/g) surface treated with ^^^f ''^ 
was used instead of the fumed silica (BET specific surface area 245 rrfi/g), and the amount of the fkionnated orga- 
nosilane of formula (11 ) and the fluorlnated organosilane of fomiula (1 2) were changed to 4 parts and 0.3 part, respec- 
tively. The physical properties and compression set of the test pieces were measured, with the results shown in Table 1 . 

Example 4 

roOSOl A curable composition and cured products were prepared by the same formulation and Procedure as In Ex- 
amples except that 0.4 pan of the f luorinated organosilane of formula (1 4) was used instead of 0.3 part of the ""onna ted 
organosilane of formula (12). The physical properties and compression set of the lest pieces were measured, with the 
results shown in Table 1 . 
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Comparative Example 1 

r0081 1 A curable composition and cured products were prepared by the same fonmulation and procedure as in Ex- 
ample 1 except that 5 parts of the fluorinated organosilane of tomiula (1 1 ) and 0.4 part of the f luorinated organosilane 
of f omiula (1 2) were omitted. The physical properties and compression set of the test pieces were measured. w.th the 
results shown in Table 1 . 
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Comparative Example 2 

r00821 A curable composition and cured products were prepared by the same formulation and procedure as in Ex- 
ample 1 except that 0.4 part of the fluorinated organosilane of formula (12) was omitted. The physical properties and 
compression set of the test pieces were measured, with the results shown in Table 1 . 



Table 1 


Properties 


Example 


Comparativ 


e Example 




1 


2 


3 


4 


1 


2 


Hardness 


65 


63 


63 


64 


65 


60 


Tensile strength, MPa 


9.9 


10.0 


9.5 


9.8 


8.8 


8.4 


Elongation at break, % 


270 


280 


260 


290 


200 


270 


Tear strength. kN/m 


22 


24 


23 


25 


13 


17 


Compression set, % 


10 


9 


9 


8 


30 


20 



Note: compression set measured at 200°C. 24 hours 



100831 We find that the present compositions cure into products or fluorinated elastomers which have good solvent 
resistance, chemical resistance, heat resistance, low-temperature properties, mold release, water and oil repellency, 
and weather resistance as well as significantly improved mechanical strength and compression set. Thus the compo- 
sitions are useful In a wider variety of molding applications and suitable for use as O-rings and other sealing members. 
r00841 Japanese Patent Application No. 2001 -007237 is incorporated herein by reference. 

[0085] Reasonable modifications and variations are possible from the foregoing disclosure without departing from 
either the spirit or scope of the present invention. 
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Claims 

1 . A curable composition comprising as essential components, 

5 (A) fluorinated amide compound having at least two alkenyl radicals in a molecule. 

(B) fluorinated organohydrogensiloxane having at least two hydrogen atoms attached to silicon atoms in a 
molecule, 

(C) a catalytic amount of platinum group catalyst; 

(D) silica powder having a BET specific surface area of at least 50 rr^/g» 

10 (E) organosilane or organosiioxane having per molecule at least one monovalent perfluorooxyalkyi, monova- 

lent perf luoroalkyl. divalent pert luorooxyalkylene or divalent perfluoroalkylene radical and at least one hydroxy 
and/or alkoxy radical directly attached to silicon atom, and 

(F) organosilane or organosiioxane having per molecule at least one alkenyl radical, at least one monovalent 
perfluorooxyalkyi, monovalent perf luoroalkyl. divalent perf luorooxyalkylene or divalent perfluoroalkylene rad- 
15 ical, and at least one hydroxy and/or alkoxy radical directly attached to silicon atom. 

2. A curable composition of claim 1 wherein the fluorinated amide compound (A) Is of the following general fomiula (1 ): 
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CH=CH2 



(1) 



CH2=CHSiv Q Q o 

R <Q;^N-C-[Rf-C-Q-CL-Rf-C-N--<r^ R 

wherein Is a substituted or unsubstituted monovalent hydrocarbon radical, 

R2 is hydrogen or a substituted or unsubstituted monovalent hydrocarbon radical. 
Q is a radical of the following general formula (2) or (3): 

R^ R^ 
-N-R^-N- (2) 

wherein is a substituted or unsubstituted divalent hydrocarbon radical which may be separated by at least one 
atom of oxygen, nitrogen and silicon atoms, and R^ is as defined above, 




(3) 



wherein R^ and each are a substituted or unsubstituted divalent hydrocarbon radical, 
Rf is a divalent perfluocoalkyisne or perfiuorcpofvtVTt:' / radical, and 
"a" is an integer of at: isa- 1 Q. 

3. A curable composition of claim 1 or 2 wherein the fluorinated organohydrogensiloxane (8) has at least one mono- 
valent perfluorooxyalkyi, monovalent perfluoroalkyi, divalent perfluorooxyalkylene or divalent perfluoroalkylene 
radical and at least two hydrogen atoms attached to silicon atoms in a molecule. 

55 4. A method comprising the preparation of a composition according to any one of claims 1 to 3. 

5. A method comprising curing a composition according to any one of claims 1 to 3 to make a fluoroelastomer article, 
part or product. 
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6. A f luoroelastomer article, part or product comprising or consisting of a cured composition according to any one of 
clainris 1 to 3. 
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